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The discipline

e Principles: “Fluid mechanics” and “Thermodynamics”
e Contrast

— Flow process inevitably result from pressure gradients
within the fluid. Moreover, temperature, velocity, and
even concentration gradients may exist within the
flowing fluid.

— Uniform conditions that prevail at equilibrium in closed
system.

e Local state

— An equation of state applied locally and instantaneously
at any point in a fluid system, and that one may invoke a
concept of local state, independent of the concept of
equilibrium.



FLUIDA

Materi yang bisa mengalir, gas atau cairan
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Fluida kompresibel : volume berubah karena tekanan atau perubahat
suhu; mis.gas f£0; k#0

Fluida inkompresibel : volumigdak berubah karena tekanan atau
perubahan suhu; suatu idealisasi ; cairan hampir bisa dianggap
sebagai fluida inkompresibel3=0; k=0



Duct flow of compressible fluids

e Equations interrelate the changes occurring in
pressure, velocity, cross-sectional area, enthalpy,
entropy, and specific volume of the flowing system.

e Consider a adiabatic, steady-state, one dimensiona
flow of a compressible flul
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Pipe flow
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For subsonic flowM?< 1, |dx dx , the pressure decreases

and the velocity increases in the direction of flow. For subsonic
flow, the maximum fluid velocity obtained in a pipe of constant
Cross section is the speed of sound, and this value is reached at the

exit of the pipe.



Consider the steady-state, adiabatic, irrever§liiwe of an incompressible liquid in a
horizontal pipe of constant cross-sectional arbaw&hat (a) the velocity is constant.
(b) the temperature increases in the directiomoud.f(c) the pressure decreases in the
direction of flow.

Control volume: a finite length of horizontal pip@th entrance (1) and exit (2)

WA _ WA incompressiblelV, =V,
Vl V2

The continuity equation:

const. cross-sectional areé, = A,

Entropy balance (irreversiblgs, =S, - S >0

lincompressible liguid with heat capacit

T, . dT
SG:SZ_SlzTC?>O »T, >T,
T2
Energy balance withu( = u,): |H, = H, »H,—H, =_[Tl CdT +V(R,-R) =0
,>T,
R<h

If reversible adiabatic: J= T,; P, = P,. The temperature and pressure change
originates from flow irreversibility.



Nozzles and Diffusers

A diffuser converts high v
speed, low pressure mm
flow to low speed, high

pressure flow

Diffuser

A nozzle converts high v,
pressure, low speed =
flow to low pressure,

high speed flow

Nozzle



Nozzles:
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Reversible flow

Reversible flow dP u® dA
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For subsonic flow in a converging nozzle, the viyooicreases as the cross-sectional
area diminishes. The maximum value is the speasdufd, reached at the throat.
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A high-velocity nozzle is designed to operate vgitllam at 700 kPa and 3CG0At the
nozzle inlet the velocity is 30 m/s. Calculate eswf the ratio A/A(where A is the
cross-sectional area of the nozzle inlet) for #neiens where the pressure is 600,
500, 400, 300, and 200 kPa. Assume the nozzle msdasentropically.

3
Initial values from the steam tab|g:= 7.2997k—‘] H, = 3059.8k—J V, =37139 il
kg LK kg g
e continuity equation A Vu A (37139) 1

Energy balanc [u? =u? =2(H -H,)—

u? =90C-2(H —305¢.8x10°)

Since it is an isentropic process, S;=FFom the steam table:

3
600 kPals=7.2997—_||H =30204" | \s = 41825 ™ ||, = 2803 M| | 2 = 0120
kg [K kg g S
. P (kPa) V (cn¥g) |U (m/s) A/A
Similar for other pressures 200 | 371.39 30 | 1.0
600 | 418.25 | 282.3 0.120
500 | 481.26 | 411.2 0.095
400 | 571.23 | 523.0 0.088
300 | 711.93 | 633.0 0.091
200 | 970.04 | 752.2 0.104




Consider again the nozzle of the previous exangsgiming now that steam behaves
as an ideal gas. Calculate (a) the critical pressatro and the velocity at the throat.
(b) the discharge pressure if a Mach number ofs2.8quired at the nozzle exhaust.

(@)

The ratio of specific heats for steam= 1.3

P, (2 j%_l — i=055
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(b) -
M =2 —|U, =2x54435=10887
_ =
4
us—u’ = 2RV, (B »P, =30.0 kPa
y-1 R




Throttling Process

When a fluid flows through a restriction,
such as an orifice, a partly closed valve, orag
porous plug, without any appreciable

change in kinetic or potential energy, the

primary result of the process is a pressure Throttling
drop in the fluid Valve

u/S/ / / Q:O
d(my)),, 1/ N ‘
/M +A{[H+/+/g/jm}fs_Q+W w=g BH =0

Constant enthalpy

Forideal gas:| AH = +H, =H, T, =T,




Throttling Process (continued)

For most real gas at moderate conditions of tentypera
and pressure, a reduction in pressure at constant
enthalpy results in a decrease in temperature.

If a saturated liquid is throttled to a lower prass
some of the liquid vaporizes or flashes, produang
mixture of saturated liquid and saturated vapdhat
lower pressure. The large temperature drop reBolts
evaporation of liquidThrottling processefind frequent
application in refrigeration.




Propane gas at 20 bar and 400 K is throttled teady-state flow process to 1 bar.
Estimate the final temperature of the propane enentropy change. Properties of
propane can be found from suitable generalizec&imons.

Constant enthalpy process:
AH =(C#) (T,-T)+HJ-H}=0

lFinaI state at 1 bar: assumed to be ideal gashid= S} =0

R
T, = I_ilgl +T| [T, =1082[P, = 0471
<Cp >H And based on 2nd virial coefficients correlation
ig — D R R0 R
<CP >H " g% :[(';1T ) +w(:}r)l} = HRB(TR, PR,OMEGA)

= HRB(1.082,0.4710.152) = —0.452
Cg =1.213+28785x10°T —8.824x10°T? Tl Cg =9407 mofﬂ(

T, =3852K oL
T = 05x3852+ 05x 400= 3926K]—((CF), =C¥ =9273

T, =385.0K =

= SRB(1.082,0.4710.152) = -0.2934
T, R R J

- P
— /g 2 _Rln-2-gR : : =
AS <cp>slnT1 Rin =S| )= (co). AS=2380




Throttling a real gas from conditions of moderat@perature and pressure usually
results in a temperature decrease. Under what ttomslwould an increase in
temperature be expected.
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Define theJoule/Thomson coefficient: |H E( j — When willp < 0 ???
H
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P aZ .
The condition| 31 i may obtain locally for real gases. Such

points define the Joule/Thomson inversion curve.

u

Same sign
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Turbine (Expanders)

o A turbine (or expander):

— Consists of alternate sets of nozzles and rotating
blades

— Vapor or gas flows in a stee-state expansio
process and overall effect is the efficient
conversion of the internal energy of a high-
pressure stream into shaft work.
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Steam Turbine Blades from a
Calpine Geothermal Plant
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Turbine

|
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d(r;?){v +AKH +;)/+/zfjm} %WS
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The maximum shaft work: a reversible process (i.e., isentrope Sy
W, (isentropic) = (AH ).

v

W, =rmAH =m(H, —H,)

A 4

\ 4

W, =AH =H, - H,

The turbine efficiency
W,  _ AH
W(isentropic)  (AH)g | Values for properly designed turbines: 0.7~ 0.8
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A steam turbine with rated capacity of 56400 kW operates with steam
at inlet conditions of 8600 kPa and 500and discharge into a
condenser at a pressure of 10 kPa. Assuming a turbine efficiency of
0.75, determine the state of the steam at discharge and the raads rat

flow of the steam.

P =860kPa T,=500C

H, = 33916 k%g S = 6.6858k%g «

=H' - = - kJ
(BH) =H; -H, =-12722K)7 ﬁi
AH =7n(AH), = -9556 k%g

W,

H,=H, +AH = 24360k%g = (1= X")H) +x'HY

X' =0.9378|s, = (1-x")S, +X'S! = 7.6846k%g «

P,=10kPa S, =6.6858J

l

kg [K

W, = mAH =56400K)/1|S, = (1-x")S, +X'S} = (1~ x*)0.6493+ x'8.1511= 6.6858ky

kg [K

m=5002"9/

H, = (@L-Xx")H) +x'"H) =21174kJ

kg [

l

X' =0.8047




A stream of ethylene gas at 3G0and 45 bar is expanded adiabatically
In a turbine to 2 bar. Calculate the isentropic work produced. Find the
properties of ethylene by: (a) equations for an ideal gas (b)appropriate
generalized correlations.

P =45bar P,=2bar T,=57315K

AH :<C‘P9>H (T,-T,)+HX-HR As=(CH). m;_ RIn 2 +Sz s [AS=0
1
(a) ldeal gas
. 19 _
as=(ct) n T2 _ i P2 | Ws(isentropic) = (AH)g =(C¥) (T,~T,)
e
Cs /
| [AS=0 R
= MCPH (57315,37018.1.42414.394E — 3-4.392E - 6,00)
_ =7.224
T2 = exp %4.63511 v 5
(C: >% W, (isentropic) = 7.224x 8.314x (3708-57318) = -12153__

: : C
iteration \ \CF >% = MCPS(57315,T, 1.42414.394E - 3-4.392E - 6,00)

T, =3708K




(b) General correlation
T.,=2030|P,=0.893

r

l based on 2nd virial coefficients correlation

HE [ (HE) L (e _ S - RB(2,0300.8930.087) = ~0.097
= + w311 | = HRB(2.030,0.8930.087) = —0.234||—= = SRB(2.030,0.8930.087) = -0.
RT. | RT. RT R

C

Assuming T,=370.8 K
T.,=1314|P, =0.040

lbased on 2nd virial coefficients correlat

% = SRB(1.314,0.0400.087) = ~0.013¢
N i T 2
iteration ||AS=(C¢) In—2—-RIn——-0.116+0.806=0
s 57815 45
T, =3658K
T,= 1.2961 P, = 0.040 W, (isentropic) = (AH )
R i J
M2 - HRB(1.2960.0400087) =-020267 | = (CF ), (T, =T) + HI = H* 5 -11920——




Compression process

comp

<—
ressor WS

« Pressure increases: compressors, pumps, fans,

nlowers, and vacuum pumps.

* Interested in the energy requirement

/ [/ /
d(”;L(J){v +AKH +;)/+/zfjm} %WS
7 P 7

W, = mAH =

m(Hz - Hl)

A

y

W, = AH

=H,—-H,

The minimum shaft work: a reversible process (i.e., isentropre,S)

W (isentropic) = (AH )4

—

_ Wy (isentropic) _

(AH)s

The compressor efficiencyr W
S

AH

Values for properly designed compressors: 0.7~ 0.8






Saturated-vapor steam at 100 kP#+£t99.63C ) is compressed
adiabatically to 300 kPa. If the compressor efficiency is 0.75, what is
the work required and what is the work required and what are the
properties of the discharge stream?

For saturated steam at 100 k&= 7.3598k—‘] H,= 26754k_‘]
kg [K kg
| Isentropic compression
S =S =7.3508 <0 _|300KPi |ir _ogege®|  J(aH) =21348
kg [K kg kg
T, =2461C [
2 |.300kPa _ 4 AH =20509/ 9L [AH = (BH)s _ 5g45K
_ KJ [ kg 7 kg
S, =7.5019———
kg [K

W, = AH = 2845

kg




If methane (assumed to be an ideal gas) is compressed adiabatically
from 20C and 140 kPa to 560 kPa, estimate the work requirement and
the discharge temperature of the methane. The compressor efficiency
IS 0.75.

/ /
R T, P R _
AS‘<CF9>S|”?: Rlnpi+/‘2>/2 7[1 T, =42865K
; ;

AS=0

ol
e >% = MCPS(29315,T,1.7029.081E - 32.164E - 6,00)

\ 4

ig Cy W, = AH
T,=T [PZJXCP ) | >%

: P, = MCPH (293.15,T,1.7029.081E — 32.164E — 6,0.0) < > (T~ T))
| i W, :Ws(lsentroplc) :52883i
Iteration % =4|T, =29315K n mol

1 y'y
T,=39737K »\W._(isentropic) = 3966.2%
mo

W, (isentropic) = (AH

C'g (T T1)+|7/{ 7/5‘
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Pumps

Liquids are usually moved by pumps. The same
equations apply to adiabatic pumps as to adiabatic
COmpressors.

For an isentropic processw,(isentropic) = (AH ) = [ *vdp

With [dH =C.dT +V (- AT)dP dS:CPC_II_—T—,B\/dP

For liquid,
— W, (isentropic) =(AH ), =V(P, - P)
—  |AH =C,AT +V (1- BT)AP

AS:CPIn%—,B\/AP

1




Water at 48C and 10 kPa enters an adiabatic pump and is discharged
at a pressure of 8600 kPa. Assume the pump efficiency to be 0.75.
Calculate the work of the pump, the temperature change of the water,
and the entropy change of water.

L . ’ _ kJ
The saturated liquid water at @5 |V :1010% [ =425x10 6% Cp = 4.178kg—[IK

W, (isentropic) = (AH ) =V(P, - P)

3
W, (isentropic) =101 (860C —10) = 8.67€x1C° kpak om” _ 8.67EE—J
g g
W, (isentropic kJ
w, = sl PI®) _ AH =1157 JAH = C.AT +V (1- BT)AP
n kg |
AT = 097K

AS:CPIn%—/NAP

1

AS = 0.0090k—J

kg [K




